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I s r a e l  

INTRODUCTION 

In  the  pas t  decade s t a t i s t i c a l l y  s i g n i f i c a n t  n u d e r s  of 

ages have been es tab l i shed  f o r  meteori tes  of various c l a s se s ,  

owing t o  the  work of severa l  inves t iga tors .  However, our 

knowledge of t he  ages of the  Ca-rich achondri tes  has remained 

r a the r  sketchy. The present  work was there fore  undertaken 

t o  s e t t l e  t h i s  matter more f irmly.  We have measured the  

i n e r t  gas contents  of 27 of t he  30 meteori tes  c l a s s i f i e d  a s  

e u c r i t e s  and sh g t t i t e s  by 
I R 8 ~ - 3 3 g %  

] . with t h e  addi t iona l  
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r e - i n t e r p r e t a t i o n  of l i t e r a t u r e  da t a  on 9 e u c r i t e s  and 4 

howardites,  all of t h e  known e u c r i t e s  are thus  covered, 

except Adalia.  

CLASS IFICATION 

W e  have gene ra l ly  followed t h e  c l a s s i f i c a t i o n s  of PRIOR 

[ 21 , HEY [1] , and MASON [ 3 ] ,  [4]. A f e w  adjustments w e r e  

necessary,  however, and it is q u i t e  poss ib le  t h a t  f u t u r e  

s t u d i e s  of achondri tes  may lead t o  a f e w  more reassignments.  

Msssing and Medanitos, although l i s t e d  a s  eucr i tes  by HEY 

appear t o  be howardites because of t h e i r  bu lk  compositions 

(R,  A ,  SCHMITT, p r i v a t e  communication) and i r o n  content  of 

t h e  pyroxene (M. B. DUKE, p r i v a t e  communication). Bialystok 

appears t o  be a e u c r i t e  (MASON, [ 4 ] ) .  Padvirninkai and 

Br ien t  w e r e  taken t o  be eucr i tes .  F i n a l l y ,  w e  found it u s e -  

f u l  t o  t r e a t  t h e  unbrec.ciated e u c r i t e s ,  Moore County and 

Se r ra  de Mag&, a s  a sepa ra t e  subc lass ,  following t h e  sugges- 

t i o n  of DUKE and SILVER [ 5 ] .  

PROCEDURES 

The i n e r t  gases  w e r e  measured by mass-spectrometry i n  

bulk samples a s  w e l l  a s  i n  s e p a r a t d m i n e r a l  f r a c t i o n s  by 

techniques descr ibed i n  a previous publ ica t ion  (HEYMANN and 

MAZOR 161). The approximate mineralogical  compositions of 

t h e  sepa ra t e s  of f i v e  meteor i tes  a r e  shown i n  Table I. 

Separat ions w e r e  a l s o  attempted f o r  Bdr6ba and Br i en t ,  b u t  

these  w e r e  no t  s a t i s f a c t o r y ,  hence d i f € e r e n t  s i eve  f r a c t i o n s  
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w e r e  measured i n  these  two cases.  A pyroxene f r a c t i o n  from 

Nuevo Laredo was k indly  provided by D r .  M. B. DUKE: it has 

been described by DUKE: and SILVER [ 5 ] .  

The reason t h a t  magnetic separa t ions  w e r e  no t  attempted 

i n  more cases  is  t h a t  t h e  amounts of ma te r i a l  ava i l ab le  t o  

us w e r e  o f t e n  only about 0.1 g. o r  less. 

RESULTS 

The iner t -gas  da t a  a r e  presented in  Table 11. Our re- 

s u l t s  confirm t h e  important observat ion made by MEGRUE [7] ,  

namely t h a t  t h e  fe ldspar  i n  achondri tes  is s t rong ly  d e f i c i e n t  

i n  cosmogenic H e  and N e ,  For example, t h e  f e ldspa r  (non- 

magnetic) f r a c t i o n  of Chervony K u t  conta.ins 5 .1  x loe8  ce STPg-’ 

of 3He and 2 .17  x cc STPg of Ne, whereas t h e  pyroxene 

f r a c t i o n  ( s t rongly  magnetic) conta ins  6 1  x 

3He and 7.60 x low8 ccSTPg-l of 

-1 2 1  

cc STPg-l of 
2 1  NE. The bulk sample, a s  

expected, has  i n e r t  gas  contents  in-between these  t w o  extremes - 
Similar  r e l a t i o n s  a r e  seen i n  Moore County, Petersburg,  and 

Sioux County. The H e  values  of t hese  measurements show 

t h a t  radiogenic  ‘He was a l s o  l o s t  from fe ldspa r ,  al though 

apparent ly  t o  a lesser e x t e n t  than cosmogenic 3He 

4 

It is noteworthy t h a t  n o t  one of t h e  e u c r i t e s  s tud ied  

by us  conta ins  de t ec t ab le  amounts of trapped H e  o r  N e :  i n  

f a c t ,  t h e  a v a i l a b l e  l i t e r a t u r e  da t a  on t h e  remaining e u c r i t e s  

s t rengthen t h e  conclusion t h a t  meteor i tes  i n  t h i s  c l a s s  do 

not  s e e m  t o  conta in  any trapped H e  or N e .  E u c r i t e s , t h e r e f o r e  

present  an i n t e r e s t i n g  c o n t r a s t  w i t h  t h e  howardites,  a t  l eas t  
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two of which, Jodz ie  and Kapoeta, a r e  known t o  be gas-r ich 

HELIUM- 3 /ARGON- 3 8 AGES 

W e  have attempted t o  ob ta in  r a d i a t i o n  ages on t h e  b a s i s  

of s t a b l e ,  iner t -gas  i so topes  alone i n  t h e  following way. 

Among chondr i tes ,  t h e  degree of sh i e ld ing  seems t o  be con- 

s t a n t  w i th in  - 10% i n  most ca ses ,  judging from 2 6 A 1  measure- 

ments ([lo] [ll], b u t  ROWE ET A L  [12] f i n d  l a r g e r  v a r i a t i o n s ) .  

Four eucr i tes  inves t iga t ed  t o  da te  show 26A1 l e v e l s  cons tan t  

t o  wi th in  less than  - 10% (FUSE and ANDERS, unpublished work). 

Hence it would seem t h a t  t h e  assumption of a cons tan t  degree 

of sh i e ld ing  may be permiss ib le  f o r  most eucr i tes .  This i n  

t u r n  allows t h e  u s e  of cons tan t  production r a t e s  f o r  meteor i tes  

of s i m i l a r  chemical composition. 

-I- 

+ 

On t h e  b a s i s  of MJ3GRUE's da t a  and our  own r e s u l t s  w e  as- 
3 sume t h a t  H e  is q u a n t i t a t i v e l y  l o s t  from fe ldspa r ,  b u t  i s  

q u a n t i t a t i v e l y  r e t a i n e d  by t h e  remaining minerals ( l a rge ly  

pyroxene). Thus, t h e  gas-data themselves conta in  information 

on t h e  fe ldspar  conten t  of t h e  sample, because: 

, where 

a = weight f r a c t i o n  of fe ldspar  
38 3He/ A r  = r a t i o  a s  measured  i n  t h e  sample 
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3He -PI 38Ar . -p = production r a t e s  of 3He and 38Ar  i n  pyroxene 

38Ar = production rate of 38Ar i n  f e ldspa r  -f 

W e  have adopted 3He = 2.10 x cc STPg-' Myr-l 
--P 

for e u c r i t e s  and 2.14 x 

meteor i tes ,  These values  are s l i g h t l y  g r e a t e r  t han  the gen- 

e r a l l y  adopted value i n  chondr i tes  of 2 .O x lo-* cc STPg-l Myr-' 

cc STPg-l Myr-l f o r  howardi t ic  

t o  account f o r  the g r e a t e r  oxygen contents  of t h e  achondri tes ,  

38Ar I_ production r a t e s  w e r e  ca l cu la t ed  wi th  t h e  average composi- 

t i o n s  of f e ldspa r  and "pyroxene" (i.e. the e n t i r e  non-feldspar 

f r a c t i o n ,  including pyroxene, qua r t z ,  o r  t r idymi te ,  i lmeni te ,  

chromite,  t r o i l i t e ,  and Ni-Fe), a s  l i s t e d  i n  Table 111, using:: 

a)  38A,_a/ A+e = 16.5 2 2 - 7  [I33 , and b) 38Ar (hypersthene 

chondri tes)  = 0.526 x cc STPg-'l4yr-l. Note t h a t  Moore , 

County, Se r ra  de Mag&, and Shergot ty  (Zagami) w e r e  t r e a t e d  

ind iv idua l ly .  

- 38 

The r e l a t i o n s h i p  3He/38Ar vs.  (1 - a) i s  shown by t h e  

curves i n  Figure 1. P l o t t e d  i n  the same f igu re  a r e  da t a  po in t s  

obtained from MEGRUE's [ 71 and our  own magnetic s epa ra t e s  

(Table IS)  , for w h i c h  the "pyroxene" f r a c t i o n s  w e r e  es t imated 

by t h e  simple assumption: 

3 3 
(1 - = Hei/ H e  S 

3He = 3He conten t  of a given sample of t h e  meteor i te ,  i 
e i t h e r  bulk, non-magnetic, intermediate  o r  

s t rong ly  - magnetic, 
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3 ~ e S  = ' 3 H e  conten t  of t h e  "pyroxene" f r a c t i o n  of t h e  

same meteor i te .  

I t  i s  seen t h a t  t h e  experimental  po in t s  agree reasonably w e l l  

w i th  t h e  ca l cu la t ed  curves.  The d i f f e r e n c e s  s e e m  t o  i n d i c a t e  

t h a t  t h e  s t rong ly  magnetic f r a c t i o n s  s t i l l  contained some 

fe ldspa r .  On t h e  o the r  hand, t he  He/  A r  r a t i o  depends not  

only on t h e  f e ldspa r  impurity,  b u t  a l s o  on the  Ca-content of 

3 38  

t he  pyroxene i t s e l f ,  such t h a t  t h e  d i f f e rences  may be i n  p a r t  

due t o  r e a l  compositional v a r i a t i o n s .  

Table I V  l i s ts  t h e  averaqe 3He-radiation ages obtained 

from a l l  t h e  bulk samples, s t rong ly  magnetic and intermediate  

f r a c t i o n s ,  or s i e v e  f r a c t i o n s  l i s t e d  i n  Table 11, supplemented 

wi th  previously published l i t e r a t u r e  da t a  which w e r e  re- 

eva lua ted  by t h e  method ou t l ined  here .  Because of space 

l i m i t a t i o n s ,  a d e t a i l e d  vers ion of t h i s  Table w i l l  be published 

elsewhere. 

When s e v e r a l  age-determinations a r e  a v a i l a b l e  f o r  one 

meteor i te ,  t h e  ages t end  t o  agree r a t h e r  w e l l ,  i , e .  t h e  

d i f f e rences  between the  h ighes t  and lowest values are seldomly 

g r e a t e r  than lG%. This i s  e s p e c i a l l y  g r a t i f y i n g ,  because 

3He-contents vary by a s  much as a f a c t o r  2 (e.g. Chervony K u t ,  

Table 11). 

3 The following meteor i tes  a r e  s p e c i a l  cases.. The H e /  

38Ar  r a t i o s  for Zagami and Shergot ty ,  1 2 . 7 ,  14 .2 ,  and 12.0 a r e  

higher  than t h e  maximum value of 11.0 expected with complete 
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3 3He l o s s  from f e l d s p a r ,  W e  have t h e r e f o r e  ca l cu la t ed  He-ages 

on the  assumption of no d i f f u s i o n  loss from fe ldspa r ,  

case of Se r ra  de Maq6 it was not  poss ib l e  t o  ob ta in  r e l i a b l e  

ages from 3He/ 

I n  t h e  

38 A r  ra t ios ,  b u t  it seemed permiss ib le  t o  calcu- 
21 21 l a t e  N e  ages using t h e  bulk - N e  production r a t e  l i s t e d  i n  

Table IIIo The mean age of Serra de Mag&, 1.9 Myr i s  lowest 

of any e u c r i t e .  However, an 2 6 A 1  measurement (FUSE and ANDERS, ' 

unpublished work) suggests  an even s h o r t e r  age, 

2 6 A 1  conten t  of t h i s  meteor i te  i s  l e s s  than 10% 

s a t u r a t i o n  va lue ,  Since Se r ra  de Mag6 seems t o  

because t h e  

of the 

have been a 

r a t h e r  small  meteor i te ,  the low 26A1 content  i n d i c a t e s  a 

l o w  r a d i a t i o n  age ( 5 0.1 Myr.) r a t h e r  than  heavy sh ie ld ing ,  

The jux tapos i t i on  of a s h o r t  2 6 A 1  age and t h e ' o l d e r  iner t -gas  

age i n d i c a t e s  a somewhat unusual h i s t o r y ,  such a s  a very re -  

cen t ,  secondary breakup of a l a r g e  meteor i te  f14.3, or "pre- 

i r r a d i a t i o n "  a few meters below t h e  su r face  of the  parent  

body [ l 5 ]  [16] Apparently the  t r a n s i t  time t o  Ear th  s i n c e  

the  l a s t  c o l l i s i o n  must have been s h o r t e r  than  0-1 Myr. The 

two samples of Nuevo Laredo g ive  d iscordant  ages. 

s epa ra t e  g ives  16.0 Myr. The bulk sample has an abnormally 

The pyroxene 

3 38 > low He/ A r  r a t i o ,  which cannot be explained by high (-85%) 

f e ldspa r  conten t  ( t h i s  was r u l e d  ou t  by petrographic  examina- 

t i o n ) ,  hence one suspec ts  3He loss from the  pyroxene a s  w e l l  

a s  from t h e  f e ldspa r .  -age" f o r  

t h i s  sample of 11 ,aMyr  by c o r r e c t i n g  3He/ 

8 0 5 ,  t h e  value expected i n  t h e  pyroxene i n  e u c r i t e s ,  It is  

W e  have c a l c u l a t e d  a If3He max 
21 N e  upwards t o  
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puzzling t h a t  t h e  pyroxene sepa ra t e  s t i l l  g ives  a d i s t i n c t l y  

higher age, Pending c l a r i f i c a t i o n  of t h i s  mat ter ,  we have 

used only the r a d i a t i o n  age of the pyroxene separa te ,  which 

probably r ep resen t s  the f r a c t i o n  w i t h  complete 3He r e t e n t i o n ,  

GAS-RETENTION AGES 

Because of t h e  l a c k  of U,  Th, and K values  and because 

of 4He-losses from fe ldspa r ,  no accura te  gas- re ten t ion  ages 

can be ca l cu la t ed  a t  t h i s  t i m e ,  

U and Th da ta  (c171, [18], f191, [ 2 0 ] ,  [21]) we have adopted 

a cons tan t  U content  of 130 ppb and Th/u = 3,6 f o r  a l l  the 

O n  t h e  b a s i s  of published 

b recc ia t ed  e u c r i t e s .  Among t h e  unbrecciated e u c r i t e s ,  da t a  

are a v a i l a b l e  only f o r  Moor@ County [ 2 0 ]  

from c a l c u l a t i n g  any U-He ages of howardites or s h e r g o t t i t e s ,  

A11 H e  d a t a  w e r e  co r rec t ed  f o r  d i f f u s i o n  loss from fe ldspa r  

using t h e  (1 - a )  values  from Table IV, Such a c o r r e c t i o n  

. i s  undoubtedly needed, b u t  i t s  magnitude is debatable.  A 

c o r r e c t i o n  f o r  cosmogenic 

= 5.0, 

W e  have r e f r a ined  

4 

4 4 H e  was made by assuming ( He/3He) 
C 

Potassium da ta  are l ikewise  incomplete, however, N a  

conten ts  a r e  known f o r  27 meteor i tes  i n  Table IV, and s i n c e  

t h e  Na/K i s  f a i r l y  cons tan t  a t  9-0, t he  K content  can be 

est imated from t h e  Na content ,  
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DISCUSSION 

Figure 2 shows t h e  r a d i a t i o n  ages on l i n e a r  and log- 

a r i thmic  scales. The l i n e a r  scale accentua tes  t h e  rate of 

meteor i te  production, w h i l e  the logar i thmic  one favors  recog- 

n i t i o n  of age-c lus te rs  by keeping t h e  r e l a t i v e  scatter of 

t h e  po in t s  cons t an t ,  r ega rd le s s  of age. I n t e r e s t i n g l y ,  t he  

o v e r a l l  d i s t r i b u t i o n  resembles tha t  of chondr i tes  rather 

than t h a t  of Ca-poor achondri tes  such as a u b r i t e s  [163: a 

f a i r l y  even d i s t r i b u t i o n  up t o  N 30 Myr, wi th  a few " s t r agg l -  

ers" up t o  - 70 Myr. A f u r t h e r  s i m i l a r i t y  t o  t h e  chondr i tes  

is the presence of one age s h o r t e r  than 1 Myr (Serra  de Mag&), 

Such a s h o r t  age seems t o  imply an o r i g i n  from an Earth- 

c ross ing  s t a r t i n g  o r b i t  such as t h e  Moon o r  the Apollo 

a s t e r o i d s  , ([ 223, [ 231, [ 113 ) 

The logar i thmic  s c a l e  shows some evidence f o r  age 

c l u s t e r s ,  the two most d i s t i n c t  ones occurr ing a t  - 5 and 

11 Myr. It is i n t e r e s t i n g  t o  note  t h a t  a l l  t h r e e  meteor i tes  

i n  the 5 Myr, c l u s t e r  have high K-Ar ages,  Some a d d i t i o n a l  

c l u s t e r s  may be p resen t  a t  about 18 Myr and i n  t h e  26-46 Myr, 

i n t e r v a l ,  b u t  recogni t ion  of c l u s t e r s  becomes, obviously,  more 

d i f f i c u l t  w i t h  increas ing  age. 

Figure 3 shows a p l o t  of  (U, Th) - H e  age vs  X-Ar 

age. Most p o i n t s  fol low a smooth t r end ,  s h o r t  U-He ages 

being c o r r e l a t e d  wi th  s h o r t  K-Ar ages. 

t i o n s ,  t h e  U-He age i s  always s h o r t e r  than  t h e  K-Ar age,  and 

With only f e w  excep- 

there are apparent ly  no concordant s h o r t  ages (< 1 Gyr,) 
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among the e u c r i t e s .  The p r i n c i p a l  f e a t u r e  of Figure 3 is  

thus  He loss, I n  p r i n c i p l e ,  such l o s s  could have occurred 

before  or af te r  the m e t e o r i t e ' s  depar ture  from i t s ' p a r e n t  

body. The l a t t e r  p o s s i b i l i t y  can be r u l e d  ou t ,  however, A c -  

odrding t o  MEGRUE [ 7 ]  t radiogenic  4He is  almost as evenly 

d i s t r i b u t e d  as is  cosmogenic 3He, 

4He l o s s e s  seen i n  Figure 3 would imply s u b s t a n t i a l  3He l o s s e s  

4 

The s u b s t a n t i a l  (50-99"/,) 

during the exposure era, hence one would expect many abnormally 

l o w  He/ N e  r a t i o s  (0.1 - 4,0), Since th i s  is  not  the case ,  

radiogenic  4He w a s  obviously l o s t  i n  the ,parent  body. 

3 2 1  

There are three a l t e r n a t i v e s  f o r  such loss:  (1) o r i g i n  

(2 i n  a deep and r e l a t i v e l y  warm region of an a s t e r o i d  [24], 

o r i g i n  i n  a subsurface l a y e r  of t h e  Moon, and ( 3 )  rehea t ing  

by shock [25].  

f o r  chondr i tes ,  because there seems t o  be no s e l f - c o n s i s t e n t  

r ad ius  and b u r i a l  depth tha t  w i l l  permit 4 0 A r  r e t e n t i o n  t o  

'commence 3-4 Gyr, ago, b u t  *He r e t e n t i o n  only  seve ra l  Gyro 

The f i r s t  p o s s i b i l i t y  has  f a l l e n  i n t o  d is favor  

l a t e r  [25] However, u n t i l  more reliable d i f f u s i o n  para- 

nieters become a v a i l a b l e  f o r  Ca-rich achondr i tes ,  t h i s  poss ib i l -  

i t y  cannot be f i rmly  ru l ed  ou t ,  The second p o s s i b i l i t y  is  

more a t t r a c t i v e ,  b u t  seems t o  r e q u i r e  t h a t  m a t e r i a l  w a s  

brought from some 20-40 Km depth t o  the su r face  i n  an impact 

or t e c t o n i c  event  t o  permit H e  r e t e n t i o n  t o  commence some 4 

0-1 - 2 Gyr ago, The t h i r d  p o s s i b i l i t y  has  been shown t o  

apply t o  t h e  hypersthene chondr i tes  ([25], [26]) The eu- 

cri tes and howardites show a s i m i l a r ,  though less conclusive 
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p i c t u r e ,  Their U-He ages s e e m  t o  approach a minimum value of 

0,l-0.2 Gyr and the three meteor i tes  w i t h  the s h o r t e s t  ages 

happen t o  be the ones that  show d i s t i n c t  shock e f f e c t s  

(Cachari, Enunaville, and Padvarninkai) ,  The case f o r  t h i s  

made1 would be strengthened i f  meteor i tes  w i th  s h o r t ,  con- 

cordant  ages w e r e  found. No such cases  are known a t  present .  

O R I G I N  

Two o r i g i n s  have been proposed f o r  the Ca-roch achon- 

d r i t e s :  the Moon (DUKE and SILVER [5] and the a s t e r o i d s  

(various au thors ,  see [ 2 5 ]  f o r  r e fe rences ) .  The case  f o r  

a luna r  o r i g i n  has  r e c e n t l y  received s t rong  impetus from 

the discovery by TURKEVICH ET A L  f 2 7 1 ,  [28]  t h a t  two luna r  

mare areas resemble Ca-rich achondr i tes  i n  composition, The 

present  work has the following impl ica t ions ,  

- 1 The observed radiat ion-age d i s t r i b u t i o n  (Figure 2 )  

is rather f l a t  t o  - 30 Myr, A s  i n  t h e  case of most o t h e r  

c l a s s e s  of s tony  meteor i tes ,  no ages above 70 Myr, are found, 

T h i s  d i s t r i b u t i o n  can be compared w i t h  two p red ic t ed  d i s t r i -  

bu t ions  c a l c u l a t e d  by ARNOLD'S program (ARNOLD [ 231, AJXOERS 

and ARNOLD [29 ] ) ,  shown i n  Figure 4 ,  The l una r  d i s t r i b u t i o n  

i s  rather t o o  s t eep ,  having 81% of i t s  ages i n  the 0-10 Myr 

i n t e r v a l ,  compared t o  38% f o r  the Apollo d i s t r i b u t i o n ,  How- 

* ever ,  t h i s  i s  not  a s t rong  argument aga ins t  a luna r  o r i g i n  

i f  one assumes t h a t  only a f e w  minor impacts occurred on the 

Moon i n  the l a s t  10 Myr. 

11 



I 2 The gas-retention ages seem to imply either burial 

at some tens of kilometers beneath the surface of the Moon 

to allow for the loss of He: transport to the surface mainly 

in the last 2 Gyri ejection in another impact, The asteroidal 

4 

model would require reheating by impact followed by relatively 

slow cooling: ejection in another, more recent impact, 

Even with the evidence of the ages now before us, it is 

still difficult to speak out in favor of either one of the 

two basic hypotheses on the origin of the Ca-rich achondrites. 

The lunar evidence is in good accord with the predominance 

of morning falls among eucrites and can be reconciled with 

the radiation age distribution, Real difficulties arise 

only from the existence of mesosiderites and unbrecciated 

eucrites, which would seem to favor an asteroidal origin, 
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Table I 

Approximate Mineralogical  Composition 

of Magnetic Separa tes  

F rac t ion  P lag ioc la se  Pyroxene Quartz or Opaques 
% % Tr idymi t e  % 

Meteor i t  e 
' and * 

Weight % 
(mg) 

Chervony K u t  

Chervony K u t  

Chervony K u t  

Moore Co. 

Moore Co .  

P e t  ersbur  g 

Pe tersburg  

S e r r a  de Mage 

S e r r a  de Mage 

Sioux Co. 

Sioux Co .  

.t 

.I- 

S(165) 

I (952) 

N(242) 

S(701) 

N(150) 

S(472) 

N(34) 

N2 (1684) 

S2 (1426) 

S(236) 

N(180) 

2 
w 

55 

85 

15 

96 

5 

90 

95 

10 

5 

95 

90 

40 

12 

85 

r e 2  

90 

8 

5 

88 

90 

5 

- 2  

N 2  

5 '  

N 2  

5 

* S = s t r o n g l y  magnetic f r a c t i o n ,  I = in te rmedia te  f r a c t i o n ,  

N = non-magnetic f r a c t i o n .  

S e r r a  de Mag6 N 1  w a s  a hand-picked s i n g l e  c r y s t a l  of f e l d s p a r ,  t 
_. 

weighing 41.9 mg. 

f r a c t i o n ,  c o n s i s t i n g  l a r g e l y  of y e l l o w  and brown pyroxene 

c r y s t a l s ,  I t  weighed 19.4 mg. 

S e r r a  de Mag6 - S1 l i kewise  w a s  a hand-picked 
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Notes on Table  11. 

Symbols: D = dark  l i t h i c  fragment;  L = l i g h t ,  f ine-grained 

groundmass ; N = non-magnetic f r a c t i o n ;  I = in te rmedia te  frac- 

t i o n ;  S = s t r o n g l y  magnetic f r a c t i o n ;  +lo0 = > l o 0  mesh s i e v e  

f r a c t i o n ;  -200 = <200 mesh; l00/200 =, 100-200 mesh. 

S e r i e s  I ,  11, and I11 are measurements done i n  1964, 1966, and 

a 

b 

1967 r e s p e c t i v e l y  a t  t h e  Univers i ty  of Chicago. S e r i e s  I V  are 

measurements done i n  1967 a t  R i c e  Univers i ty .  The t w o  mass 

spectrometers  are very s i m i l a r  i n  cons t ruc t ion ,  However, d i f -  

f e r e n t  c a l i b r a t i o n  s t anda rds  were used f o r  each of t h e  ser ies .  

The abbrev ia t ions  s t a n d  f o r  t h e  fol lowing i n s t i t u t i o n s  and C 

donors,  t o  whom w e  express  our s i n c e r e  g r a t i t u d e ,  

A - Aus t ra l i an  Museum, Sydney ( D r s ,  R ,  0. Chalmers and 

R, A .  Binns) 

AM - American Meteorite Museum, Sedona, Arizona (Dr, H ,  H ,  

Nininger and G ,  I Huss), 

AS - Arizona S t a t e  Univers i ty  (Dr, C ,  B,  Moore and C,  F. 

Lewis) 

B - B r i t i s h  Museum, London ( D r s ,  M ,  H. Hey and M .  J .  F r o s t ) .  

C - D r ,  Walter da S i l v a  Curvel lo ,  R i o  de  Janeiro,  Braz i l ,  

CA - Geological Survey of I n d i a ,  C a l c u t t a ,  

CM - Committee on Meteorites, Acad, S c i ,  USSR, Moscow. 

( D r s .  E,  L ,  Krinov and L .  G. Kvasha). 

F - F i e l d  Museum of Natura l  H i s t o r y ,  Chicago (Dr, E;  Olsen).  

Ghl - D r ,  George Megrue, Smithsonian Astrophysical  Observatory,  

This  sample (Stannern) had o r i g i n a l l y  been obtained from 

D r ,  B r i a n  Mason a t  t h e  American Museum of Natural  His tory  

i n  New York (MEGRUE [ 7 ] > .  

18 



H - Humboldt-Universitzt, B e r l i n ,  GDR (Dr. G. Wappler), 

LS - D r ,  Leon T ,  S i l v e r ,  C a l i f o r n i a  I n s t i t u t e  of Technology, 

Pasadena 

M - M r .  Oscar E. Monnig, F o r t  Worth, Texas, 

MD - D r .  M .  B. Duke, U .  S. Geological Survey, Washington, D. C. 

MP - Max-Planck-Institut fc r  C h e m i e ,  Mainz (Dr. H. W'sinke). 

P - National  Museum, Prague (Dr. K .  Tu&ek), 

PM - MusGe d ' H i s t o i r e  N a t u r e l l e ,  P a r i s  ' ( D r o  J, Orce l ) .  

U - U, S, National  Museum, Washington ( D r s ,  R .  Clarke and 

K, Fredriksson)  

V - Vatican C o l l e c t i o n  of Meteori tes  (Fa ther  E .  S a l p e t e r ) .  

VM - Natu rh i s to r i sches  Museum, Vienna ( D r .  G. Kurat) .  

N o  e n t r y :  sample w a s  l o s t ,  or blank c o r r e c t i o n  >50%. Errors 

were c a l c u l a t e d  from s t anda rd  dev ia t ions  of repea ted  peak 

measurements and es t imated  e r r o r s  of blank c o r r e c t i o n s ,  cali-  

b r a t i o n  s t s n d a r d s ,  a n d  i n s t r u m e n t  i n s t a b i l i t y .  

I t a l i c i z e d  argon va lues  f o r  B r i e n t ,  Moore Co, ,  Pe te rsburg ,  

and Sioux Co. were c o r r e c t e d  upward b y  a fac tor  of 1,35. I n  

these runs,  some A r  w a s  apparent ly  l o s t  because of discharge 

i n  t h e  furnace during t h e  melting. The f a c t o r  1.35 w a s  ob- 

t a i n e d  by d u p l i c a t e  measurements on o t h e r  samples which w e r e  

a l so  l o w  i n  A r .  
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Notes t o  Table I V  

a)  Number between parantheses  shows number of samples used i n  

. t he  average age-values, 

b)  The f i r s t  e n t r y  g i v e s  MASON'S [4]  c l a s s i f i c a t i o n ,  t h e  second 

t h a t  of DUKE and SILVER c53. E = (brecc ia ted)  e u c r i t e ;  H 

= howardite; S = s h e r g o t t i t e ;  U = unbrecciated e u c r i t e .  

For modif icat ions see t e x t .  

c) The ages of Shergot ty  and Zagami c a l c u l a t e d  wi th  assumption 
3 of no H e  loss from fe ldspa r .  Age of Serra de Mag6 

ca l cu la t ed  from 21Ne content  (see t e x t ) .  

d)  K con ten t s  w e r e  e i t h e r  taken from t h e  l i t e r a t u r e  or 

est imated from Na-measurements, References w i l l  be 

published elsewhere. 

e)  An a s t e r i s k  i n d i c a t e s  t h a t  t h e  r a d i a t i o n  ages a r e  based 

e i t h e r  wholly o r  i n  p a r t  (when re ference  fol lows)  on t h e  

d a t a  l i s t e d  i n  Table 11. 
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FIGURF, CAPTIONS 

38 F i g -  1, 3€3e/ A r  r a t i o s  ca l cu la t ed  on t h e  assumption t h a t  

3He is l o s t  from fe ldspa r  b u t  no t  from "pyroxene," 

Data on Haraiya, Juvinas ,  and Stannern from 

MEGRUE [7]; all o t h e r s  f r o m  t h i s  work. 

Fig.  2. Radiat ion ages of Ca-rich achondri tes  on l i n e a r  

( top)  and logari thmic (bottom) s c a l e s ,  The d i s t r i -  

bu t ion  of ages i s  s i m i l a r  t o  t h a t  of chondr i tes ,  i .e,  

f l a t  from 0 t o  30 Myr; dec l in ing  r a p i d l y  beyond 

t h a t  l i m i t  and terminat ing a t  -70 Myr. 

Fig. 3 ,  Gas-retention ages of eucrites.  Most of the 

ages are based on assumed U, Th and K-contents, 

thus a r e  somewhat unce r t a in ,  Most of t h e  ages are 

d iscordant  and appreciably s h o r t e r  than 4.5 Gyr, 

Fig.  4, Observed cosmic-ray age d i s t r i b u t i o n  f o r  chondr i tes  

compared wi th  t h e o r e t i c a l  d i s t r i b u t i o n s  c a l c u l a t e d  

by Arnold ' s  Monte Car lo  method. Taken from HEYMANN 

and ANDERS [ 11]. 
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